Epstein-Barr virus (EBV) has been shown to play a causative role in endemic Burkitt lymphoma (35) and nasopharyngeal carcinoma (NPC) (20) , and the EBV genome has been identified in a wide variety of malignancies, including gastric carcinomas (10-12, 27, 32, 33) . Although the proportion of EBV-associated gastric carcinoma (EBVaGC) varies from 6 to 16% (9, 14, 28, 31) , the presence of EBVaGC has been reported worldwide. EBV is closely related to the genesis of EBVaGC (9) . EBV-encoded small RNA is present in nearly all of the carcinoma cells in the intramucosal stage, and EBV in EBVaGC is monoclonal by Southern blot hybridization analysis with probes adjacent to the unique terminal repeat of EBV DNA. Furthermore, EBVaGC has unique morphologic, genetic, and phenotypic features. EBVaGC is frequently accompanied by dense infiltration of lymphocytes (27) . The genetic pathway of EBVaGC differs considerably from that of EBVnegative gastric carcinoma [EBV(Ϫ)GC] (8) . Variant forms of CD44, a cell-surface glycoprotein that acts as an adhesion molecule, are specifically expressed in EBVaGC (7) .
In vitro cell culture and in vivo transplantation of neoplastic cells that retain the characteristics of the original tumor are indispensable tools for exploring the cell biology and molecular biology of a specific tumor. In NPC, the transplantation of tumors into nude mice (15, 17, 18) has been used for this purpose (4) , since a stable cell line that carries the EBV genome in its nuclei has not yet been established. In gastric carcinoma, although a recent report showed successful EBV infection of human gastric carcinoma cells (34) , this model may not reflect the natural condition of EBVaGC. Thus, to develop a model system for studying this unique type of gastric adenocarcinoma, we implanted EBVaGC tissue into severe combined immunodeficiency (SCID) mice instead of establishing cell lines.
Transplantation of EBVaGC into SCID mice.
To identify cases with EBVaGC before surgery, biopsied specimens of gastric carcinoma, obtained at Tokyo Metropolitan Komagome Hospital, were examined from 1994 to 1995 by in situ hybridization (ISH) of EBV-encoded small RNA as described previously. Fresh tissues were aseptically obtained from the tumor just after the stomach was resected to treat patients with EBVaGC. None of the patients had received chemotherapy before surgery. Informed consent was always obtained before the surgery.
Several pieces of tumor tissues were frozen in dry ice-hexane and stored at Ϫ80°C until used for DNA and RNA analyses. Then the tumor tissues were washed in sterile physiologic saline solution containing disinfectant, trimmed into pieces that were approximately 5 mm 3 , and inoculated subcutaneously into the backs of three SCID mice 5 to 10 weeks of age (Clea Japan, Tokyo, Japan). In one of three trials of implantation, EBVaGC tissues that had been engrafted to SCID mice grew to form a subcutaneous tumor in 12 weeks. Otherwise, implantation was considered to be unsuccessful, since tumor formation was not observed within 3 months after engraftment. The SCID tumor was designated KT, after the patient. The KT tumor was grown successfully in SCID mice for 12 passages. In the first passage, KT tumor cells doubled in size in 8.2 days.
Histopathology. The original EBVaGC of KT was a 9.0 by 7.5 cm carcinoma on the anterior wall of the gastric body of a 58-year-old Japanese woman. It was an ulcerating lesion sharply demarcated by an elevated wall, and the carcinoma infiltrated to the subserosa. Histologically, the tumor was a poorly differentiated adenocarcinoma with solid nests, accompanied by lymphoid infiltration in the stroma (Fig. 1a) . In a small fraction of the tumor, the nests consisted of carcinoma cells with prominent mucin in the cytoplasm, where lymphoid infiltration was minimal. The histology of the tumors in SCID mice (2nd, 4th, and 10th passage) reflected that of the original tumor but had some notable differences. First, the area composed of mucin-producing cells increased to occupy half of the tumor. Second, the area of poorly differentiated adenocarcinoma with solid nests, which was the predominant portion of the original tumor, was not accompanied by lymphoid infiltration (Fig. 1b) .
Confirmation that the SCID tumor was derived from a human epithelial malignancy. In addition to histology and mucin production, immunohistochemistry disclosed that the tumor possessed an epithelial character; almost all of the neoplastic cells of the KT tumor were positively stained with anticytokeratin monoclonal antibody (Fig. 1c) .
To further confirm that the tumors were derived from human tissue, the human Alu sequence was used as a probe for Southern blot analysis (18, 29) . High-molecular-weight DNA was extracted from the original and SCID tumors (2nd, 4th, and 10th passage) using sodium dodecyl sulfate. Five micrograms of DNA was cleaved with BamHI and electrophoresed on a 0.5% agarose gel, and DNA fragments were transferred to a nylon membrane (Nytran; Schleicher & Schuell, Keene, N.H.). The blots were hybridized at 65°C for 48 h to 32 Plabeled DNA probes and then washed twice at room temperature in 2ϫ SSC (1ϫ SSC is 0.15 M NaCl plus 0.015 M sodium citrate)-0.1% sodium dodecyl sulfate. Band patterns were visualized by autoradiography. The probe, Alu (a gift from M.
Miyaki, Tokyo Metropolitan Institute of Medical Science), was labeled with [ 32 P]dCTP by the random primer labeling method (Prime-a-Gene labeling system; Promega, Madison, Wis.) and purified through a Nuctrap push column (Stratagene, La Jolla, Calif.). Thus, by Southern blot analysis it was found that DNAs prepared from both the original and KT tumors contained numerous human repetitive Alu sequences, whereas DNA from mouse tissues did not (Fig. 2a) . This result confirms that the KT tumor is derived from human tissue.
Identity of clonal EBV. The clonality of EBV in tumor tissues was evaluated by Southern blot analysis with BamHIdigested DNA probed with EcoRII or XhoI fragments that represent unique sequences at the left or right end, respectively, of the EBV genome (Fig. 2b) . Single fragments of EBV terminal repeats of the same size were demonstrated in both the original and KT tumors. Furthermore, the fragments in the original and KT tumors were identical to both the left and right probes, indicating that EBV is present in an episomal form in both tumors. Thus, these facts indicate that the KT tumor retains the same EBV as the original tumor in the same condition, i.e., monoclonal and episomal forms, and that EBV in the KT tumors did not contain the linear form of EBV of the replicative phase.
Absence of BZLF1 gene expression. Since the immediateearly BZLF1 protein disrupts viral latency through transactivation of early EBV genes, the strictness of EBV latency was assessed by evaluation of the expression of BZLF1 protein.
Total RNA was extracted from the original and KT tumors (10th passage) by the acid guanidium thiocyanate-phenol-chloroform extraction method as reported previously (6) . To generate cDNA, 1 l of oligo(dT) [12] [13] [14] [15] [16] [17] [18] (500 g/ml) and 12 l of sterile, distilled water were added to 2 g of total RNA, and the mixture was then heated at 70°C for 10 min and rapidly chilled on ice. Reagents were added to the mixture to give a final concentration of 50 mM Tris-HCl (pH 8.3), 75 mM potassium chloride, 3 mM magnesium chloride, 10 mM dithiothreitol, and 0.5 mM each deoxynucleoside triphosphate, and the mixture was incubated at 42°C for 2 min. After 200 U of SUPERSCRIPT II (Gibco BRL, Gaithersburg, Md.) was added, the mixture was incubated for 50 min at 42°C and then heated at 70°C for 15 min to stop the reaction. Details of the sequences and genome coordinates of primers and probes used to detect EBV transcripts are given in Table 1 95°C for 9 min, 40 cycles of amplification were performed with a thermal cycler model 480 (Perkin-Elmer); the thermal cycle profile was 1 min at 94°C, 2 min at 55°C, and 3 min at 72°C, with additional heating at 72°C for 10 min. Five microliters of each PCR product was then separated in 3% agarose gels, stained with ethidium bromide, and photographed under a UV transilluminator. Products were then subjected to Southern blot transfer onto nitrocellulose membrane (Protran; Schleicher & Schuell, Dassel, Germany). The filters were hybridized with 32 P-end-labeled probes. The exposure time for autoradiography was 4 to 24 h for viral transcripts and 3 h for ␤-actin mRNA.
Reverse transcription (RT)-PCR analysis revealed that the original and KT tumors showed no evidence of the expression of BZLF1 mRNA (Fig. 3a) . The sensitivity of this analysis was confirmed by detecting BZLF1 mRNA expression in B95-8 cells, an EBV-producing cell line. Thus, the regulation of EBV latency is relatively strict, even in a tumor transplanted into SCID mice.
Pattern of latency gene expression of EBV. EBV-associated malignancy is classified according to expression of the latency gene (2, 3) . Latency I is observed in Burkitt lymphoma, which is characterized as EBER(ϩ), EBNA1(ϩ), EBNA2(Ϫ), and LMP1(Ϫ). Latency III is observed in lymphoblastoid cell lines, opportunistic lymphoma in immunodeficiency, and pyothoraxassociated lymphoma, which are EBER(ϩ), EBNA1(ϩ), EBNA2(ϩ), and LMP1(ϩ). NPC is characteristic of latency II, with EBER(ϩ), EBNA1(ϩ), EBNA2(Ϫ), and LMP1(ϩ) between latencies I and III.
By EBER1 ISH, we confirmed that nearly 100% of the neoplastic cells in the original tumor showed signals positive for EBER1. The neoplastic cells of the KT tumor (2nd, 4th, Among the EBV latency genes, both the original EBVaGC (FR122) and the KT tumor (FR216) show EBNA1 transcript but not EBNA2, LMP1, LMP2A, or LMP2B transcript. All of the transcripts of the EBV latency genes examined were seen in an EBV-containing lymphoma cell line (Raji), whereas none were observed in a lymphoma cell line that is negative for EBV (Ramos) or in mouse tissues (FR218, liver; and FR219, kidney). ␤-Actin mRNA was readily amplified from all of the tissues tested. (c) Promoter usage of EBNA1 mRNA in human EBVaGC in SCID mice. Three promoters of EBV DNA, Cp, Wp, and Qp, are mutually exclusive for the expression of EBNA1. Each promoter pair and the corresponding exon was amplified by RT-PCR, as illustrated. Both the original EBVaGC (FR122) and the KT tumor (FR216) show Qp-driven EBNA mRNA but not Cp-or Wp-driven transcript. The latter two EBNA1 transcripts are demonstrated in an EBV-containing lymphoma cell line (Raji). None of the transcripts are amplified in a lymphoma cell line that is negative for EBV (Ramos) or in mouse tissues. and 10th passage) also showed signals positive for EBER1 (Fig. 1e) , although the intensity of the staining was relatively weak.
RT-PCR analyses (Fig. 3b ) demonstrated the presence of EBNA1 mRNA (BamHI U and K exons) in both the original and KT tumors. On the other hand, neither of these tumors expressed detectable EBNA2, LMP1, or LMP2 mRNA. The RNA preparation from an EBV-containing lymphoma cell line, Raji, yielded strong signals for all of the latency genes, whereas Ramos (a Burkitt lymphoma cell line that is negative for EBV) and mouse tissues showed mRNA only for ␤-actin.
Promotor usage of EBNA1. The expression of EBNA mRNA depends on the activities of three mutually exclusive EBNA promoters: BamHI C, W, and Q (Cp, Wp, and Qp, respectively) (17, 21, 23, 24) . Cp and Wp each initiate large primary transcripts which are differentially spliced into all six EBNA mRNAs as observed in EBV-immortalized B lymphoblastoid cell lines. The third EBNA promoter in latency I or II, which initiates the selective expression of EBNA1 mRNA by bypassing the coding regions of other EBNA genes, was once reported to be the BamHI-F promoter (Fp) (23, 26) but is now known to be Qp (13, 17, 24, 25) .
As shown in Fig. 3c , EBNA1 mRNA in the latent phase consists of specific exons for Cp, Wp, or Qp and common exons, such as BamHI-U and -K. By RT-PCR analysis, Qpdriven EBNA mRNA was clearly detected in both tumors, while Cp-or Wp-driven EBNA mRNA was not detected at all. On the other hand, Cp-and Wp-driven EBNA1 exons were demonstrated in Raji but not in any of the transcripts in Ramos or mouse tissues by RT-PCR. These results indicate that the original and KT tumors are EBV latency I. This is consistent with previous studies (30) and demonstrates that the pattern of latency gene expression is faithfully reflected in KT tumors.
KT tumor as a model for EBVaGC. A stable cell line of NPC that carries the EBV genome in its nuclei has not yet been established (15) , suggesting that an in vitro environment excludes the EBV genome from epithelial cells. Since EBVaGC is also an epithelial malignancy, we first tried to establish a transplantable tumor of EBVaGC in nude mice. However, several unsuccessful attempts led us to adopt SCID mice as a host for human EBVaGC. While the reason for the unsuccessful transplantation in nude mice is not clear, the implantation of EBVaGC might depend on a subtle balance between carcinoma and infiltrated lymphocytes within the tumor.
Interestingly, the proportion of mucin-producing carcinoma in KT tumors was greater than that in the original tumor, in which solid-type poorly differentiated adenocarcinoma was accompanied by a dense infiltration of lymphocytes. Since mucin production and lymphocytic infiltration were inversely correlated in the original tumor, lymphocytes may block the full differentiation of carcinoma cells. Alternatively, the carcinoma cells may themselves produce certain cytokines that induce the migration of lymphocytes. KT tumors enable researchers to study the cytokine expression of carcinoma cells, since the contribution of infiltrating lymphocytes can be neglected in the assay of cytokines in this system.
EBVaGC is considered to develop from a single EBV-infected epithelial cell (9) , but the precise role of EBV in the development and maintenance of EBVaGC has not been clarified. Previously, we demonstrated that EBVaGC and EBV(Ϫ)GC may have different genetic pathways: deletion of 5q and/or 17p and microsatellite instability are extremely rare in EBVaGC (8) . In Burkitt lymphoma, which is also a latency I EBV-associated malignancy (22) , translocation of c-myc to the immunoglobulin gene is primarily responsible for the genesis of lymphoma (1, 16, 19) . We can now investigate such a mechanism in EBVaGC with KT tumors. Furthermore, we believe that KT tumors will be a useful in vivo model for various investigations related to gene therapy or immunotherapy of EBVaGC.
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